Injection of adrenaline in ten daily doses of 100 \ g=m\ g each into the chequered water-snake, Natrix piscator, stimulated glycogenolysis and lipid esterification in the liver and lipolysis in the adipose tissue of control snakes. In both thyroidectomized and control snakes plasma protein levels decreased significantly after hormone treatment, although there was no change in concentrations of muscle glycogen and plasma lactic acid. In thyroidectomized snakes, the hormone stimulated oxidation of the free fatty acids but had no significant effect on the synthesis of the triglycerides. It is suggested that in these snakes the presence of the thyroid hormones is a prerequisite for the response of most of the metabolic processes to adrenaline.
INTRODUCTION
The permissive role of thyroid hormones in catecholamine-induced changes in the intermediary metabolism of mammals is well documented (Steinberg, 1963; Lundholm, Lundholm & Svedmyr, 1968; Myant, 1968) . Some information is available on the effects of catecholamines on the intermediary metabolism of reptiles, but there is none concerning the importance of thyroid hormones in these processes (Dessauer, 1970; Coulson & Hernandez, 1974; Bennet & Dawson, 1976) . In previous studies we have shown that the thyroid gland influences protein, carbohydrate and lipid metabolism in the snake (Gupta, 1974; Thapliyal, Gupta & Garg, 1974;  Gupta, Thapliyal & Garg, 1975; Thapliyal, 1980a) . The present experiment was planned to investigate the role of the thyroid gland in adrenalineinduced changes in the intermediary metabolism of the chequered water-snake, Natrix piscator.
MATERIALS AND METHODS
During May, 32 male snakes of similar weight (100-125 g) and length (80-85 cm) were purchased locally and maintained in the snake room at 40 + 2°C (Thapliyal et al. 1974; ). The experiment was performed during May and June when the thyroid activity of reptiles is high (Lynn, 1970; Thapliyal & Chandola, 1973; Wong & Chiù, 1974; Thapliyal, 1980a, b) . Snakes were kept in wire-net cages and fresh water and live food were available ad libitum. At the beginning of May, 16 snakes were thyroidectomized and the remaining 16 were sham-operated. The method of thyroidectomy has been described in previous studies (Thapliyal et al. 1974; ). Forty-five days after the operation, the snakes were divided into four groups, each of eight animals. Group I con¬ sisted of sham-operated intact snakes (control) treated with saline (0-9% (w/v) NaCl), group II contained controls injected with adrenaline, group III consisted of thyroidectomized snakes treated with adrenaline and group IV consisted of thyroidectomized snakes injected with saline. Since 1 µg adrenaline/g body weight injected daily produces changes in the intermediary metabolism of the alligator (Stevenson, Coulson & Hernandez, 1957) , it was decided that this dose would also be suitable for this experiment. Snakes of groups II and III were injected i.p. with adrenaline (100 µg dissolved in 100 µ saline; Unichem, India). Injections were repeated daily over a 10-day period. Twenty-four hours after the last injection, the snakes were anaesthetized by injecting sodium pentobarbitone solution (Nembutal, 2-5mg/100g body wt in 0-9% NaCl) and blood was collected in heparinized tubes (Thapliyal et al. 1974; ). Immediately after blood collection the animals were killed and liver, skeletal muscle and adipose tissues removed and processed for biochemical analyses (Thapliyal et al. 1974; . At the end of the experiment, histological examinations were performed in order to check that the thyroid had been completely removed.
Biochemical constituents (glucose, glycogen, protein, cholesterol (total, esterified and free), free fatty acids, esterified fatty acids and triglycérides) were measured according to the methods described earlier (Thapliyal et al. 1974; Thapliyal, Gupta & Garg, 1975) . Lactic acid and free glycerol were estimated by the methods of Barker & Summerson (1941) and Jover (1963) respectively.
A minimum of three replicates was processed for each sample and in all cases internal standards were used. Student's /-test was used to analyse data (Snedecor, 1961) .
RESULTS
The results are presented in Tables 1, 2 A similar relationship between adrenaline, hepatic glycogenolysis and the thyroid gland has been reported in mammals (Lundholm et al. 1968 ). However, in reptiles the inhibitory effect of thyroidectomy on the response to catecholamine has not previously been observed (Stevenson et al. 1957 ; Coulson & Hernandez, 1974; Bennet & Dawson, 1976) . Since adrenaline acts in mammals by way of adenyl cyclase cyclic AMP (Lundholm et al. 1968) , it is reasonable to suggest that a similar mechanism operates in N. piscator.
Unlike the situation in Alligator mississippiensis (Stevenson et al. 1957 ), adrenaline did not cause a significant change in the level of plasma lactic acid in N. piscator, suggesting either that lactic acid synthesis and degradation were affected to the same degree or that there was no effect of the hormone on muscle glycogen. It is possible that a difference exists between the alligator and the snake in the way in which adrenaline affects the biochemical steps responsible for glycogenolysis. Since it is not known at what time of year the alligator was studied, this difference might be due to an environmental (temperature) effect. During the winter when the temperature is low (17°C) the plasma lactic acid concentration of N. piscator is high, but it is low during the summer months (42°C) (S. C. Gupta & J. P. Thapliyal, unpublished observations). Moreover, during winter most of the metabolic processes of reptiles function at a very low level. As the ambient temperature rises the activity increases, reaching a maximum during summer (Lynn, 1970; Thapliyal, 1980a, è) . There is evidence that in TV. piscator muscle glycogen decreases after removal of the thyroid due to a fall in the rate of synthesis (Thapliyal et al. 1974; ). Adrenaline had no significant effect on the muscle glycogen metabolism of thyroidectomized snakes. Thyroidectomy in N. piscator depresses protein synthesis (Thapliyal et al. 1974; . Adrenaline also decreased the amount of protein in the plasma of water-snakes. However, this decrease of plasma proteins, seen also in mammals (Lundholm et al. 1968; Manchester, 1968) , probably reflects higher catabolism than synthesis of plasma proteins (Thapliyal et al. 1974; ). The further decrease in plasma protein level of the thyroidectomized snakes after hormone treatment suggests that the influence of catechol¬ amine on protein metabolism, unlike carbohydrate metabolism, is independent of the thyroid hormone(s).
The high concentration of esterified fatty âcids, triglycérides and esterified cholesterol in both the liver and plasma and the low levels of free fatty acids and free glycerol in the liver of hormone-treated animals probably indicate stimulation by adrenaline of the rate of esterification of fatty acids and cholesterol in the liver of the control snakes. After thyroidectomy the rate of lipid esterification remained unaffected by adrenaline treatment. A decrease in the rate of utilization of free fatty acids and glycerol of these snakes probably resulted in high hepatic levels. In mammals catecholamine-stimulated uptake of free fatty acids during lipid synthesis is known to be dependent on thyroid hormone (Steinberg, 1963) . Increased total cholesterol in the plasma and liver of adrenaline-treated control snakes was due to a high esterified fraction in the total cholesterol. It has been shown previously that thyroidectomy in N. piscator reduces esterification of cholesterol . Again, since adrenaline did not influence the level of total cholesterol and thyroidectomy significantly depressed the metabolism of cholesterol in the liver and blood of the snake, it appears that thyroid hormone (T4) (Thapliyal & Chandola, 1973 ) is essential for adrenaline to act on cholesterol metabolism. The increase in the ratio of esterified to free cholesterol in both plasma and liver of hormone-treated controls and its decrease in thyroidectomized snakes agree with the above supposition.
In the adipose tissue of the intact snakes adrenaline probably stimulated lipolysis to a greater extent than synthesis, resulting in high levels of free fatty acids and glycerol. Adipose tissue is the main source of free fatty acids and glycerol in the plasma and the level of free glycerol indicates the rate of lipolysis in the adipose tissue (Myant, 1968) . In N. piscator, unlike Emys orbicularis (Farkas, 1969) and Sphenodon punctatus (Nye & Buchanan, 1969) , adrenaline stimulated lipolysis in the adipose tissue of control snakes resulting in high concentrations of free fatty acids and glycerol in the plasma. These responses were not observed in thyroidectomized snakes and as a result the concentrations of free fatty acids and glycerol remained low in the plasma. In our opinion, the lipolytic action of adrenaline in reptiles depends to a great extent on temperature and thyroid activity. In his study, Farkas (1969) did not take into account either the temperature at which the animals were maintained or the level of activity of the thyroid. In reptiles thyroid activity varies with the ambient temperature (Lynn, 1970; Thapliyal, 1980a) . In mammals catecholamine-induced lipolysis involves the second messenger cyclic AMP and the thyroid gland has been shown to be essential during this process (Goodman, 1968; Correze, Laudat, Laudat & Nunez, 1974) . Similar mechanisms may be involved in TV. piscator.
Triglycérides in the adipose tissue of intact snakes remained unchanged after hormone treatment. High plasma triglycérides of these snakes may have contributed to the maintenance of these levels. It has been suggested earlier that thyroidectomy inhibits the processes involved in the synthesis of triglycérides in the adipose tissue of TV. piscator ). The present results show that adrenaline could not alter the level, suggesting the importance of thyroid hormone in the process. Removal of the thyroid increased the level of free fatty acids in the adipose tissue of TV. piscator probably because of the low release of free fatty acids from tissue to blood ). It appears, therefore, that the decreased level of fatty acids in the adipose tissue of adrenaline-treated thyroidectomized snakes was probably due to a higher rate of oxidation.
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